OBJECTIVE: Since post-pregnancy weight retention may contribute to the development of obesity, we sought to determine whether a behavioral weight loss intervention was effective in returning women to their pre-pregnancy weight. METHOD: Ninety women who had given birth in the past 3 ± 12 months and whose weight exceeded their prepregnancy weight by at least 6.8 kg were randomly assigned to either: a) a six-month behavioral weight loss intervention, delivered via correspondence or b) a no-treatment control group. Assessments of body weight, physical activity and eating patterns were conducted at pre-treatment and six months (post-treatment). RESULTS: During the six month treatment, subjects in the correspondence condition lost signi®cantly more weight than control subjects (7.8 kg vs 4.9 kg, P 0.03) and lost a greater percentage of their excess postpartum weight (79% vs 44%, P 0.01). Furthermore, a signi®cantly greater percentage of correspondence subjects than controls returned to their pre-pregnancy weight (33% vs 11.5%, P`0.05). Weight loss in the correspondence group was correlated with completion of self-monitoring records (r 0.50, P`0.005). CONCLUSIONS: A behavioral weight loss intervention, delivered via correspondence, appears to be effective in reducing women's postpartum weight retention. Future studies should examine the acceptability and the long-term impact of a correspondence postpartum weight loss intervention.
Introduction
Approximately one-third of American adults are overweight. 1 Although behavioral weight loss programs generate initial weight losses, they have not been successful at promoting long-term maintenance of weight loss. Therefore, a major research direction encouraged by the National Task Force on Prevention and Treatment of Obesity 2 is the prevention of weight gain. One approach to preventing weight gain is to identify time periods during which individuals are at high risk for gaining weight.
For women, one such high risk period is the time surrounding childbirth (that is, during gestation and the postpartum year). One review 3 of the literature on postpartum weight changes indicated that, on average, women retain only a small amount of weight (approximately 1.5 kg) postpartum. However, there is a great degree of variability in the amount of weight retained after pregnancy. For example, 12% of a sample of 1599 women retained 4±6 kg at 10±18 months postpartum, and 14% of the women retained 5 6.4 kg. 4 Excessive postpartum weight retention may be associated with the development of obesity. Ohlin and Rossner 5 indicate that 40±50% of the severely obese women who seek treatment at their clinic, report that their obesity was initiated by previous pregnancies.
The best predictor of postpartum weight retention is excessive weight gain during pregnancy. Gestational weight gain above the recommended range is associated with postpartum weight retention. 6 Thus one approach to the problem of postpartum weight retention is to intervene during pregnancy and try to help women gain an appropriate amount of weight. However, programs which focus on weight gain restrictions during pregnancy are controversial, because of the strong relationship between maternal weight gain and fetal birthweight. 7 Therefore, another approach is to intervene during the postpartum period, to help women lose the excess weight gained during pregnancy.
Other factors that may in¯uence postpartum weight retention include breast-feeding and how quickly new mothers return to employment after giving birth. Although breast-feeding is commonly believed to in¯uence postpartum weight retention, research indicates that breast-feeding status does not have a longterm effect on postpartum weight. 5, 8 However, some evidence suggests that the sooner new mothers return to work, the less weight they retain at six months postpartum. 9 New mothers who stay at home may have more access to food throughout the day and may spend more time cooking and feeding others.
Other lifestyle factors, including increased calorie consumption andaor decreased physical activity, have also been associated with the retention of postpartum weight. 3, 7 For example, Ohlin and Rossner 10 studying 1423 Swedish women, found that low levels of leisure time physical activity after delivery were associated with weight retention at one-year postpartum. Furthermore, greater weight retention at one-year postpartum occurred in women who reported increasing their caloric intake during and after pregnancy. 11 These results suggest that increased caloric intake and decreased exercise may play a role in postpartum weight retention. Therefore, a behavioral weight loss intervention, which focuses on decreasing intake and increasing physical activity, should be effective in helping women who have retained weight return to their pre-pregnancy weight. Behavioral lifestyle interventions, with weekly group treatment meetings, typically result in weight losses of 0.5 kg per week. 12 However, in a pilot study we conducted, we found that new mothers were not willing to attend weekly group behavioral treatment meetings, even when free child care was offered. Therefore, we chose a correspondence format for this study. We anticipated that a correspondence intervention would be more convenient for women at this very busy time in their lives.
Correspondence interventions, including telephone and computer contact, have been used in managed care settings, where cost-effectiveness is important, 13, 14 and with populations for whom it is impractical to recommend weekly group meetings. For example, community studies focusing on the prevention of weight gain have typically been delivered via correspondence. 15 Several studies have shown that correspondence interventions promote weight losses of approximately 1± 4 kg, 16 ± 18 which are smaller than weight losses typically seen in group interventions, but superior to those in no-treatment control groups. Given that new mothers may be unwilling to participate in a groupbased intervention, a correspondence intervention with telephone contact may be a more effective way to promote weight loss in this population.
This study was designed to examine whether a sixmonth correspondence behavioral weight control program delivered in the postpartum year can help women return to their pre-pregnancy weight. To our knowledge, this is the ®rst study to speci®cally intervene with women during the postpartum year. It was hypothesized that women in the correspondence group would lose signi®cantly more weight than women in the no-treatment control group.
Methods

Subjects
Ninety women who had recently given birth at a local women's hospital were recruited for this study. To be eligible, women had to be at least 18 years old, to have delivered within the last 3±12 months and to currently exceed their pre-pregnancy weight by at least 6.8 kg. To reduce the likelihood of a woman becoming underweight if she lost 6.8 kg, only women with a current body mass index (BMI) 5 22 were included in this study. Women who were currently lactating were excluded from the study because of concerns that dieting and weight loss might affect lactation. All participants gave written informed consent prior to participation.
Women entering this study had an average BMI of 29.8 and were 12.3 kg over their pre-pregnancy weight. The average age was 31 y and 97% of the participants were Caucasian.
Treatment conditions
Participants were randomly assigned to one of two conditions:
No-treatment control condition. These participants (n 43) were given an informational brochure about healthy eating and exercise (C. Everett Koop's On Your Way to Fitness). They did not receive any treatment, but participated in assessments at pre-treatment and six months later.
Correspondence condition. These participants (n 47) received a correspondence behavioral weight loss program, delivered over six months, which focused on low-fatalow-calorie eating habits and increasing physical activity. This intervention included three components: 1) two group sessions; 2) correspondence materials; and 3) telephone contact. First, participants were invited to attend two group sessions, held at the beginning of the intervention and at Month 2. At the ®rst session, women received group instruction in self-monitoring and getting started on the weight loss program. They were instructed to follow a diet consisting of 1000±1500 kcalad, with fat restricted to 20% of caloric intake, as is typically used in behavioral weight loss programs. 19 Participants were also instructed to begin an aerobic exercise program, consisting primarily of walking, and to gradually increase the frequency and duration of their walking until they reached two miles per day on at least ®ve days per week. This prescription is consistent with the exercise guidelines for all adults, recommended by the American College of Sports Medicine (ACSM). 20 Women were asked to monitor their calorie and fat intake and their exercise on a daily basis throughout the sixmonth program and return their records by mail. At the second group session, there was a discussion of eating and exercise progress and problem-solving.
The correspondence component consisted of 16 written lessons about nutrition, exercise and behavior change strategies, which were mailed to participants. These lessons were sent weekly for the ®rst 12 weeks, Reducing postpartum weight EA Leermakers et al biweekly for the next four weeks and monthly for the last eight weeks. Behavioral lessons, which focused on strategies to modify diet and exercise behaviors, were tailored to the special needs of new mothers. For example, to encourage participants to include their babies in their exercise, one exercise lesson contained information about appropriate strollers and special baby carriers. Each lesson included a 1±2 page homework assignment, which was to be completed and returned with the self-monitoring diaries. Finally, women in the intervention group were called by program staff on a regular basis during the six month intervention period. These brief telephone contacts (approx. 5±15 min) were made weekly or biweekly, depending on the participant's desires and needs. The discussions focused on eating and exercise progress, goal-setting and problem-solving. Participants were encouraged to weigh themselves at home on a weekly basis and report their weight during the phone contact.
Assessments
Pre-pregnancy weight and amount of weight gained during pregnancy were self-reported on a weight history questionnaire completed at pre-treatment.
The following measures were completed at pretreatment and six months (post-treatment).
Weightaheight. Body weight was measured using a balance beam scale; participants were weighed in light street clothes without shoes. Height was measured with a stadiometer and used to calculate BMI (kgam 2 ).
Physical activity. Level of physical activity was assessed using the Paffenbarger Physical Activity Questionnaire, 21 a measure which estimates weekly energy expenditure from self-reports of stairs climbed, blocks walked and other recreational activities performed in the past week.
Eating behavior. Daily caloric intake and percent intake from fat were assessed using the 60-item Block Food Frequency Questionnaire. 22 This questionnaire was modi®ed to ask about intake over the past six months.
Program Adherence. Three measures of adherence to the correspondence intervention were used: 1) number of self-monitoring records returned; 2) number of homework assignments returned; and 3) number of phone contacts completed.
Statistical analysis
One-way analyses of variance (ANOVAs) were used to compare the two conditions on continuous variables measured at baseline (for example, pre-treatment weight, physical activity, and eating habits) and chi square statistics were used to compare groups on categorical demographic variables. Repeated-measures analyses of covariance were used to compare the two conditions on changes in weight, calorie intake and percent fat intake over time, adjusting for baseline differences between conditions. Because the physical activity scores at pre-treatment and posttreatment were not normally distributed, physical activity scores were log transformed prior to conducting the repeated-measures ANOVA. Stepwise regression was used to determine which variables predicted how close women came to returning to their prepregnancy weight.
Results
Pre-treatment characteristics of the 90 women who began the study are presented in Table 1 . Correspondence participants were signi®cantly older than control participants (32.4 vs 30.3 y P`0.05), and a greater percentage of correspondence women were married, compared to control women (93.5% vs 79.1%, respectively, P`0.05). There were no other signi®cant differences between the correspondence and control groups in the demographic or weight variables.
Attrition
Twenty-eight women (31%) did not provide posttreatment weight data, ®ve because of another pregnancy. Attrition did not vary by treatment group (w 2 2.7, P 0.1); 11 women dropped out of the correspondence group (23%) and 17 dropped out of the control group (40%). There were no differences between drop-outs and completers in marital status, ethnicity, age, months since delivery or number of full-term deliveries (Ps b 0.1). However, dropouts were signi®cantly heavier at pre-treatment (85.4 AE 14.1 kg) than completers (78.6 AE 12.6 kg) (P`0.05) and retained signi®cantly more weight (above their pre-pregnancy weight) at pre-treatment (14.8 AE 7.3 kg) than completers (11.1AE 4.0 kg) (P`0.005).
Weight loss
Weight and weight change data for all women who completed the post-treatment assessment (n 62) are presented in Table 2 . For 12 subjects, post-treatment weight is based on self-report of weight measured on a balance beam scale by a doctor or other health professional. The correspondence group lost signi®-cantly more weight during the six-month treatment than the control group (7.8 kg vs 4.9 kg; P`0.03), and lost a greater percentage of their pre-treatment body weight (10.0 AE 5.8% vs 5.8AE 5.7%, P`0.005). After adjusting for baseline differences in age and marital Reducing postpartum weight EA Leermakers et al status, these differences remained signi®cant (P`0.05 and P`0.009, respectively). Moreover, correspondence subjects lost 79% of their excess postpartum weight, whereas control participants lost only 44% of their excess postpartum weight, P 0.01. A greater percentage of women in the correspondence group (33%) returned to, or below, their pre-pregnancy weight, compared with women in the control group (11.5%) (P`0.05).
Using an intent-to-treat approach, we imputed missing post-treatment weight data by assuming that women who did not complete the post-treatment assessment had no weight change from their pretreatment weight. The ®ve women who became pregnant during this study were excluded from this analysis. Using this strategy, the average weight losses in both groups were lessened, but all of the betweengroup differences were maintained. The correspondence group lost 6.3 AE 5.0 kg, while the control group lost only 3.1 AE 4.9 kg (P`0.004). This difference remained signi®cant after adjusting for age and marital status (P`0.01). Of the correspondence group, 27% returned to their pre-pregnancy weight, while only 7% of the control group did (P`0.04). Physical activity and eating patterns. Information on weekly energy expenditure, daily calorie intake and percent intake from fat was available for 30 subjects in the correspondence group and 16 in the control group at post-treatment. Again, subjects with missing data were more overweight at baseline and had retained more of their pregnancy weight at entry into the study, than subjects who completed these data (Ps`0.05). At baseline, the two treatment groups were similar on all of these measures (Ps b 0.1). Energy expenditure did not change over time in either the correspondence condition (924 kcalaweek at baseline and 1000 kcalaweek at six months) or in the control condition (1184 kcalaweek at baseline and 1229 kcalaweek at six months). In contrast, both groups signi®cantly reduced their daily energy intake and percent of calories from fat over time (Ps`0.001). The correspondence condition decreased their intake from 1794 kcalad to 1331 kcalad and their percentage of calories from fat were reduced from 34.6% to 29.4%. Changes in the control condition were of similar magnitude (1957 kcalad at baseline and 1340 kcalad at six months; 37.6% fat at baseline and 31.2% fat at six months). Weight loss was unrelated to these changes in diet or exercise (Ps b 0.1).
Adherence
Because the drop-outs discontinued their participation in the program within the ®rst few weeks, adherence data are presented only for correspondence participants who provided post-treatment data. Correspondence subjects (n 36) returned 10.1 AE 7.8 (of a possible 25) self-monitoring records and 7.6 AE 5.0 (of a possible 15) homework assignments. They received an average of 10.3 AE 3.1 telephone contacts during the six-month program.
There was a signi®cant correlation between number of self-monitoring records returned and weight loss (r 0.50, P`0.005). There were no signi®cant associations between homework completion or telephone contact and weight loss (Ps b 0.1).
Regression
A stepwise regression analysis was conducted to predict how close women came to returning to their pre-pregnancy weight. Variables that had been signi®cant in univariate analyses were examined, including the amount of weight retained at pre-treatment, months since delivery, treatment group, age and marital status. Results indicated that the amount of weight retained at pre-treatment (kg above pre-pregnancy weight) was the strongest predictor of how close a woman came to returning to her pre-pregnancy weight (P`0.001). The more weight a participant retained at pre-treatment, the farther she was from her pre-pregnancy weight at post-treatment. The only other variable signi®cantly related to return to prepregnancy weight was treatment group membership (P`0.03). Correspondence participants came closer to returning to their pre-pregnancy weight than control participants. The model including amount of weight retained at pre-treatment and treatment group accounted for 34% of the variance in return to prepregnancy weight.
Discussion
A correspondence weight loss intervention delivered during the postpartum year was effective in reducing postpartum weight reduction. Women in the correspondence group lost 7.8 kg or 79% of their excess postpartum weight, compared to the no-treatment control group, who lost only 4.9 kg or 44% of their excess weight.
The correspondence intervention included several components which may have contributed to its effectiveness. The signi®cant correlation between completion of self-monitoring records and weight loss suggests that encouraging women to self-monitor and providing feedback on these diaries may be the key component of the intervention, as has been reported in many other behavioral weight loss programs. 23 In contrast, the failure to ®nd a relationship between number of phone contacts and weight losses raises the possibility that this component of the intervention, which was the most expensive aspect of the program, may not be necessary. Although a 20% fat goal was recommended, subjects reduced their fat intake only to 30% of calories. These data and the failure to ®nd a signi®cant correlation between eating or exercise behavior and weight loss may re¯ect poor adoption of the suggested behavior changes and problems with self-report of this information. 24 This study suggests some advantages and disadvantages to intervening in the postpartum period. The weight losses seen in the correspondence group compare favorably with weight losses seen in behavioral programs that include weekly treatment meetings. 12, 25 Even the control group in the present study was successful at weight loss and achieved larger weight losses than usually seen in control conditions. 26 Although this may re¯ect the fact that weight loss occurs naturally during the postpartum year, previous studies suggest that most of the postpartum weight loss that occurs without intervention is seen during the ®rst nine months postpartum, 27, 28 whereas women in the current study were, on average, already eight months postpartum. Alternatively, the large weight losses achieved in both the correspondence and control condition may re¯ect the fact that these women were particularly motivated to lose weight. Evidence supporting this comes from the fact that 23% of the controls who provided post-treatment data, reported joining Weight Watchers or another formal weight loss program during the six month intervention.
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Disadvantages to intervening at this time were also apparent. The attrition rate (27%, excluding women who became pregnant again) is higher than that typically seen in behavioral weight loss interventions. 12 The women who dropped out, were the ones who most needed to lose weight; they were heavier at the start of the study and had retained more of their pregnancy weight gain than program completers. Because we were unable to reach many of the dropouts, we do not know why they dropped out. It may be that drop-outs were motivated to lose weight, but were dissatis®ed with their group assignment (controls) or with the limited contact with treatment staff (correspondence). Another potential explanation for the high drop-out rate is that participating in a weight loss program, even one with limited time demands, is too big a burden for new mothers. The fact that women in the program were unable to signi®cantly increase their physical activity, despite the emphasis on this aspect in the program, and the evidence that fat intake was not reduced to the 20% level recommended, suggest that it may be particularly dif®cult to make such behavior changes at this time in a woman's life. Finally, the fact that ®ve of the women became pregnant again re¯ects another dif®-culty intervening in the postpartum period. Therefore, although the postpartum year may be an effective time period for a weight loss intervention, it may not be a convenient and appealing one for new mothers.
Although the correspondence program improved weight loss, only 33% of women in this condition returned to their prepregnancy weight. Since selfmonitoring was associated with weight loss and participants completed only 40% of their self-monitoring records on average, better weight loss might be obtained by improving adherence to self-monitoring. Results of the regression analysis indicated that the strongest predictor of return to prepregnancy weight was the amount of weight retained at pretreatment. Since women on average had to lose b 12 kg (ranging up to 35 kg) in order to return to prepregnancy weight and behavioral weight loss programs achieve at best a 9 kg weight loss at six months, the duration of the current program may not have been suf®cient to achieve this goal. Hopefully, this program may have given women the tools to continue losing weight in the future. Future studies should examine the longer term impact of this intervention on women's weight, although as noted above, such studies may be complicated by subsequent pregnancies in the participants.
Conclusion
A weight loss intervention delivered by correspondence during the postpartum year was effective in helping women reduce excess postpartum weight. To our knowledge, this study is the ®rst to intervene during this particular high-risk period for weight gain. Although the success of this intervention suggests that the postpartum year may be a good time to intervene, it remains to be seen whether such a program can in¯uence long-term weight and would be acceptable to the general population of women retaining weight post-pregnancy.
